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Young adults and children with aortic valve pathology are commonly treated with the Ross 
procedure. In this surgical procedure, the diseased aortic valve is replaced by the patient’s 
pulmonary valve, and an allograft is inserted in pulmonary position. This implies that 
pulmonary arterial tissue will be placed in aortic root position and hence be subjected to 
systemic pressures. An important drawback of the procedure is therefore the long-term 
dilatation of the pulomary autograft. Various solutions to reinforce the autograft have been 
proposed with varying success rates, where one of the major challenges is to achieve an 
optimal compliance match between the reinforced structure and the native aortic tissue [1].  
The aim of this study was to evaluate the mechanical behaviour of a pulmonary autograft 
reinforced with the EARS woven textile [2]. To this end, 7 Lovenaar sheep were subjected to 
a simplified version of the Ross procedure, in which a section (15 mm) of the thoracic aorta 
descendens was replaced by a section of the truncus pulmonalis, which was then reinforced 
with the EARS textile. After 6 months, the animals were sacrificed and the tissue harvested.  
Subsequently, four tissue types were subjected to mechanical testing: unreinforced pulmonary 
arterial tissue (UP), reinforced pulmonary arterial tissue that was placed in aortic position 
(RP), normal aortic tissue (UA) and reinforced aortic tissue (RA) resulting from the overlap 
area of 10 mm on either side at the interface between the wrapped pulmonary segment and the 
aorta. Planar biaxial testing was performed on rake-mounted 7x7 mm samples, immersed in 
physiological solution, on a BioTester (CellScale) device. Forces were continuously acquired 
with a 23N load cell (0.2% full scale accuracy) and deformation was tracked using markers 
and a CCD camera (1280x960pixels) at 30 Hz.  
Parameter fitting to the Holzapfel-Gasser-Ogden (HGO) model [3] was performed, where the 
experimentally measured Cauchy stresses were compared to model stresses in a nonlinear 
optimization process using Matlab. The experimental Cauchy stresses were calculated as: 
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	F	P, with F the deformation gradient calculated from the marker displacements, P 
the first Piola-Kirchhoff stress calculated by dividing the measured force by the initial cross 
section (where the area between the rakes is considered), and  the determinant of F. The 
model stresses were obtained by calculating:  σ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Lagrange multiplier that can be derived from the condition   0, and Ψ is the strain energy 
density function that describes the HGO material. 
A finite element simulation of the aortic arch under physiological pressure conditions and 
fixed out-of-plane boundary conditions at the edges was performed in Abaqus Standard. The 
geometry of the model was a simplified thick-walled arch with dimensions realistic for the 
sheep under study. Linear hexahedral fully integrated elements are used with 3 elements 
through the thickness and the HGO-material is assigned with parameters derived from the 
experiments above. Three situations are considered: S1: The preoperative physiological 
situation, all tissue is considered to have material parameters derived from the UA samples; 
S2: The postoperative unreinforced situation, a section of 15 mm has material properties 
derived from the UP samples; S3: The reinforced postoperative situation, a section of 15 mm 
has parameters derived from the RP samples, adjacent to this section on either sides, 10 mm 
of tissue has parameters derived from the RA samples. 
Table 1 shows the material parameters for each of the tissue types obtained from the 
experiments used in the simulations. Figure 1 shows the maximum principal Cauchy stresses 
in the aortic arch for the three simulations.  
The results confirm previously obtained results that pulmonary arterial tissue behaves even 
slightly stiffer than aortic tissue when placed in aortic position. Hence, no immediate 
dilatation will be apparent. However, the high maximum principal stresses found in the 
pulmonary autograft (0.55 MPa) compared to its physiological state (+/- 0.08 MPa) are likely 
to trigger remodelling phenomena, which will be the subject of further mechanical and 
histological investigation. On the other hand, the reinforced autograft clearly shows a 
compliance mismatch between native aorta, but manages to reduce stresses in the pulmonary 
graft to 0.25 MPa. Further investigation and model refinement (e.g. incorporation of residual 
stresses) are required to fully assess the clinical performance of the EARS reinforcement. 
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 UP RP UA RA 
C10 
(MPa) 
0.004 0.006 0.019 0.006 
k1 
(MPa)
 
0.004 0.019 0.013 0.019 
k2 (-) 2.569 2.115 3.251 2.115 
α (°) 8 60 45 60 
κ (-) 0.3 0.0 0.3 0.0 
Table 1: Material parameters derived from 
the experiments used in the FE simulation 
Figure 1: Maximum principal stresses in the aortic arch at systolic pressure (120 mmHg), for a native 
aorta (1), an aorta with pulmonary autograft (2) and an aorta with reinforced pulmonary autograft (3). 
